The increased significance of pleuropneumonialike organisms has spurred many laboratories to engage in programs relating these organisms to both human and animal diseases. This has resulted in the need for mass production of antigens for diagnostic purposes and in the need for maintenance of Collier, 1942; Findlay et al., 1939; Woglom and Warren, 1938a, b), murine strains (Sabin, 1938; Edward, 1940) , and porcine strains (Switzer, 1954) and that the organisms vary in their resistance to temperatures above 37 C but survive for weeks at refrigerator temperatures (Sabin, 1938; Switzer, 1954; Bridre and Donatien, 1925; Edward, 1940; Findlay et al., 1939; Warren and Sabin, 1942; Woglom and Warren, 1938a, b (Smith and Morton, 1951). Resting cells were prepared in the following manner: 10 ml amounts of medium were seeded with agar blocks containing colonies and incubated for 48 hr at 37 C. These cultures served as inoculum for 200 ml amounts of the medium, a 10 per cent inoculum being used. After 48 hr incubation, the organisms were sedimented under sterile conditions at 12,000 rpm in the Servall angle centrifuge4 for 5 min, the supernatant decanted, and the tubes drained. Cells were resuspended in different media and the turbidities adjusted to arbitrarily chosen readings in a KlettSummerson photometer,5 using a 420 m,u filter. Assays for turbidity were also made in the Klett-Summerson photometer. Quantitative determinations of viable organisms were accomplished by the viable cell count method described by Smith (1956) . All dilutions were made in saline.
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Sonic oscillation was carried out in a 9 kc Raytheon magneto-constriction oscillator6 cooled with circulating ice water. A 20 ml suspension of a given strain was placed in the oscillator and 5 ml samples removed at 10, 20, and 30 min intervals. Turbidity readings and viable cell counts were made immediately and the remainder of the aliquot replaced in the oscillator. Because of difficulties due to variation in the output of the oscillator, all tests on a given strain were performed in one day. Comparison of different strains by turbidity measurement alone in a few different suspending media on the same day was performed to check the validity of comparisons of viable cell recoveries performed on different days.
Freezing and thawing was performed by alternate immersion of suspensions of organisms in a mixture of solid carbon dioxide and ethylene glycol and in warm water. In effect, rapid freezing and thawing occurred. Samples were removed after given numbers of cycles and assayed for viable cells.
Determination of the effect of freeze-drying was accomplished by shell freezing 2 ml amounts of suspensions in which the viable organisms were determined prior to freezing. Organisms were suspended in distilled water and in the liquid culture medium. The or-ganisms were lyophilized and immediately resuspended in 2 ml of distilled water. Following appropriate dilution, plate counts were made.
The effect of osmotic shock was tested by (1) dropping 0.01 ml of a saline suspension containing 108 to 109 organisms per ml into 10 ml aliquots of distilled water and sucrose solutions with molarities varying from 0.001 to 5.0 and (2) by placing 0.01 ml of organisms suspended in glycerol (0.5 to 0.005 M) and sucrose (2.5 to 0.5 M) into 10 ml distilled water. The temperature of both suspensions of organisms and solutions was preadjusted to 37 C. Immediately before and following the addition of organisms, the suspensions were mixed and samples removed for viable counts.
Experiments conducted to determine the survival time in different media and at different temperatures were carried out by placing suspensions containing a known number of organisms in a 50 C water bath, in a 37 C incubator, at room temperature, which varied from 22 to 25 C, and in a refrigerator where temperature varied between 3 and 5 C. Samples were removed at time intervals appropriate with length of survival and were used for making viable cell counts.
One group of surface active compounds, the bile acids, cholic, desoxycholic, and lithocholic acids, were tested at two different concentrations in the growth medium.
RESULTS
Effect of sonic oscillation. Subjection of suspensions of 4 strains containing 1010 organisms per ml to sonic oscillation for 30 min resulted in approximately a 2 log drop in numbers of survivors or a 99 per cent killing. As can be seen in figure 1 , the destruction of the organisms can be fitted to a straight line function when log number of survivors is plotted against time. Strain 39 in all suspending media appeared to possess slightly more resistance to killing than the other 3 strains. No difference in the effect of sonic oscillation could be demonstrated by suspending the organisms in M/15 pH 7.0 phosphate buffer, M/15 pH 7.5 tris(hydroxymethyl)aminomethane buffer, Difco PPLO serum fraction, saline, or distilled water. Typical results of the effect of different suspending media are shown in figure 2 with strain 07. The variation apparent in the figure could be accounted for entirely by variation in the output of the sonic oscillator. The use of acid buffered suspending media resulted in rapid loss of viable cells. However, there was no noted decrease but rather an increase in turbidity. It was found that if such suspensions were adjusted to an alkaline pH after sonic oscillation, the turbidity dropped to values equivalent to suspensions vibrated in alkaline buffers. This result conforms to those obtained for Azotobacter vinelandii and Escherichia coli (Rotman, 1956 suspending medium the pH decreased from 7.6 to 7.2. Generally it was found that oscillation for 20 min resulted in almost complete destruction of the cells.
Effect of freezing and thawing. Table 1 shows the effect of number of cycles of freezing and thawing on survival in different suspending media. In the case of distilled water, a 2 log drop in viable count occurred after 2 cycles, a 4 log drop after 5 cycles and a 6 log drop after 10 cycles. In contrast, after 10 cycles in saline, only a 2 log drop in numbers of survivors was found.
Effect of freeze-drying. Lyophilization of 5 strains in distilled water and in fresh culture medium was carried out. Only 1 strain, Campo, survived freeze-drying in distilled water, but exhibited a 3 log decrease in numbers of viable organisms. All 5 strains survived lyophilization in the culture medium. The Campo strain showed a 1 log decrease, strains 07 and J a 2 log decrease and strains 39 and 48 almost a 4 log decrease in viable count, starting with approximately 1010 organisms per ml.
Effect of osmotic shock. Heretofore it has been the supposition that pleuropneumonialike organisms are very labile to osmotic pressure changes because of the possession of a fragile cell wall. It was of interest to quantitate the effect of osmotic shock on these organisms. By use of sucrose solutions of varying molarity and performance of the tests at constant temperature, relatively constant osmotic properties existed. As shown in table 2, no significant decrease in viable cell count was noted immediately after placing the saline suspensions of organisms in the given solutions. Conversely, preadjusting the organisms to hypertonic solutions of sucrose and glycerol followed by immersion in distilled water likewise had little effect on viable counts. Although prolonged incubation of such suspensions at 37 C resulted in rapid death of the organisms, as described later, additional storage of such suspensions at refrigerator temperatures resulted in no noticeable decrease in viable count. It is apparent that osmotic shock, in itself, was not particularly deleterious to the organisms. Survival at various temperatures. Preliminary qualitative tests indicated that between 45 and 50 C a sharp demarcation in survival times occurred. Thus at 45 C viable organisms were found after 10 min but at 50 C few survivors were found after 2 'min. Quantitative tests on survival at 50 C showed that an exponential decrease in survival occurred. The half life of the organisms at this temperature was 2 min or less with no survival after 7 to 10 min. Table 3 shows the half-life and maximum survival time at 37 C in various suspending media. Survival was extremely poor in all media except in the culture supernatant or fresh medium. Somewhat better survival was noted in saline or alkaline buffer than in distilled water and acid phosphate buffer. A further examination of survival at 37 C was made in an attempt to elucidate the cause of such rapid death. In the course of examination of the effect of osmotic shock, it was found that sucrose solutions of high molarity permitted survival at 37 C as long as 6 hr in contrast to sucrose solutions of molar or less. As shown in figure 3 an exponential Survival at room temperature was found to be slightly longer than at 37 C when the organisms were suspended in pH 7.0 phosphate buffer or saline. For the 2 strains tested, 07 and J, half lives of approximately 2 hr were obtained while maximum survival times did not exceed 6 hr. Table 4 shows the survival of different strains at 4 C. Considerably better survival was noted in the presence of 50 per cent glycerol. However, the maximum survival time of the organisms in alkaline phosphate buffer in most instances was equivalent to that in glycerol. Qualitative estimation of survival in distilled water and saline at 4 C indicated that survival in saline was equivalent to that in pH 6 phosphate buffer, while in distilled water a 4 log drop occurred in 3 days. The one poultry strain tested, J, was found to be considerably less stable than the 3 human strains.
Effect of surface tension. A detailed study of the effect of surface tension on pleuropneumonialike organisms was not undertaken. However, it is felt that it would be noteworthy to describe the effect of bile acids, the results of which were obtained during a study of the sterol growth requirement of these organisms. Three bile acids were tested in the complete medium devoid of sterols. These bile acids differ from one another in that cholic acid contains 3 hydroxyl groups on its nucleus, desoxycholic contains 2 and lithocholic contains 1. When added to the medium at 2 final concentrations, 3.0 X 10-5 M and 1.5 X 10-4 M, no growth was observed but a decrease in viable count proportional to the number of hydroxyl groups occurred. Thus, with lithocholic acid the poorest survival was noted, while with cholic acid no decrease in viable count occurred in 4 days at 37 C. Since decrease in the number of polar groups results in decreased surface tension, the effect might be the result of surface tension depression. The deleterious action of surface tension depressants on these organisms has been noted by the lethal effect of soap (Keller et al., 1952 a cool, nonacid environment to alternate freezing and thawing and to osmotic shock was found to be considerably better than has been assumed in the past. Some variation was noted among different strains, especially the poultry strain, J, which is considerably more labile to storage than the human strains tested.
The most surprising result was the extreme stability of pleuropneumonialike organisms to osmotic shock. In no instance was there a considerable reduction in number of viable cells immediately following osmotic shock. This finding is contradictory to the effects observed in preparing specimens for electronmicroscopy (Smith et al., 1948; Morton et al., 1954 ). An explanation for this resistance to lysis by osmotic shock could be that the pliable nature of the limiting cell membrane of these organisms permits considerable distortion, thus preventing rupture of the cells. The difference from species of Azotobacter (Robrish and Marr, 1957) of the effects of osmotic shock may be due to a greater permeability of pleuropneumonialike organisms to glycerol.
Pleuropneumonialike organisms were found to be relatively more labile to temperatures above 4 C when removed from their growth environment than bacteria (Winslow and Falk, 1923 ). An increase of survival at these temperatures could be obtained by suspending the organisms in hypertonic sucrose but not by addition of certain metabolites, control of pH, and nature and concentration of anions and cations.
With regard to the other physical factors tested, pleuropneumonialike organisms do not differ considerably from bacteria (Porter, 1947; Mitchell, 1951) . The effect of the bile acids examined conforms to the results with bacteria with which there was found to exist a simple relationship between the bacteriostatic activities of closely related bile acids and their ability to depress surface tension of the medium (Stacey and Webb, 1947 (Mudd, 1955 (Hoskins, 1934) is used routinely for that purpose and involves quantitative inoculation of enrichment broth with a food sample with subsequent identification of salmonellae on a differential medium. Improvements in the enrichment broth are, therefore, of primary importance in this schema. Selenite F enrichment broth has been established as the medium of choice over tetrathionate broth. This does not preclude the possibility that there are changes in formulae which would enhance the ability of selenite F to detect salmonellae. Similarly, evaluation of the abilities of differential and selective media to facilitate recovery of Salmonella sp., specifically, completes the selection of the tools with which to continue the examination of changes in methodology. The authors intend to present in this and subsequent reports the results of some of the investigations which examine factors affecting the choice of media, and to discuss changes in methodology which have proved efficacious in detection of Salmonella sp. and their enumeration from foods.
MATERIALS AND METHODS
Selenite F medium (Leifson, 1936) modified by the addition of cystine (North and Bartram, 1953) 
